Introduction
============

Immobility precludes plants from evading pathogens. However, the presence of strong immune system most often keeps them healthy. Higher animals like vertebrates, are capable of retaining an infection memory with the help of dedicated immune system and circulatory cells. The generated infection memory facilitates stronger immune response during subsequent interactions with the same pathogen (adaptive immunity). Despite not having dedicated immune cells, plants are equally capable of using infection-induced molecular memories to resist subsequent infections. This heightened resistance based on past experience is called systemic acquired resistance (SAR; [@B83]). Unlike adaptive immunity-based learning in animals, SAR-mediated protection in plants is not limited to the same pathogen, but is effective against a wide range of microbial pathogens ([@B97]; [@B22]).

While pre-existing cell wall and structural components such as cuticular wax provide resistance against pathogens, most defense responses are induced upon pathogen infection. Resistance against pathogens in plants relies both on fortification of structural barriers and production of antimicrobial chemicals and proteins. Microbe/pathogen associated molecular patterns (MAMPs/PAMPs) are recognized by the plasma membrane (PM) resident pattern recognition receptors (PRRs; [@B78]). Recognition of MAMP/PAMP by PRRs activates signaling cascades involving kinases, proteases, protein modifiers and transcription regulators, which eventually results in cell wall strengthening, production of antimicrobial proteins and phytoalexins ([@B87]). The defense hormones such as salicylic acid (SA), ethylene (ET), and jasmonic acid (JA) function as second messengers of the signaling events ([@B109]). PRR activation induces biosynthesis of these hormones, which in turn leads to transcriptional reprogramming in favor of defense. Pathogen infection induces transcription of large number of genes, a subset of these are *pathogenesis related* (*PR*) genes ([@B107]). Several PR proteins are secreted out of the host cell and negatively affect the growth of pathogens due to their antimicrobial properties ([@B107]). Immune responses as described above, triggered by activation of PRRs is known as pattern triggered immunity (PTI). Some pathogens, however, release effector molecules to suppress the plant PTI response ([@B45]). Plants can overcome the effects of pathogen effectors using R gene-mediated resistance, in which R receptors interact directly or indirectly with pathogen effectors to initiate effector-triggered immunity (ETI). ETI is an exaggerated form of PTI ([@B45]).

When a plant succeeds in restricting the growth of a pathogen, it develops SAR; a state of preparedness that provides elevated resistance during subsequent infections ([@B22]; [@B39]; [@B111]). Besides pathogens, certain chemicals such as SA and its chemical analogs are capable of inducing SAR in plants ([@B57]). During the SAR inducing infection, mobile signals are synthesized in the infected tissue and get distributed throughout the plant, via phloem (**Figure [1](#F1){ref-type="fig"}**; [@B31]; [@B105]). It has been demonstrated that upon localized pathogen inoculation, the pathogen free distal tissues show immune responses like the infected tissues, but to a moderate level. For example, distal tissues show fortification of cell wall, accumulation defense hormones and expression of PR-proteins ([@B117]; [@B85]; [@B25]). But more importantly, an experienced plant activates priming, a SAR induced mechanism that results in robust induction of defense responses compared to a naive plant, during subsequent pathogen infections ([@B46]; [@B94]; [@B93]). Genetic and biochemical experiments, mostly on model plants, identified several compounds such as SA, methyl salicylate, JA, dihydroabetinal, azelaic acid, glycerol-3-phosphate, pipecolic acid, and lipid transfer protein DIR1 as potential mobile signals of SAR ([@B19]; [@B77]; [@B7]). Petiole exudates enriched for phloem sap collected from pathogen-inoculated leaves, carrying these mobile signals are capable of inducing SAR in naive plants ([@B10]; [@B8]).

![**Mechanism of SAR and flowering induction.** Local pathogen inoculation induces local defense and mobile SAR signals (such as SA, Pip, G3P, Aza, MeSA, JA, DA, and DIR1) that travel to distal parts through phloem for SAR activation. The generated SAR signals are capable of SAR induction in leaves that develop after the primary induction ([@B4]). Exogenous application of these mobile signals also induces resistance throughout the plant. Light quality and quantity influences floral regulators like FT that also travels through the phloem to modify the shoot apex to produce flowers instead of leaves.](fpls-06-00174-g001){#F1}

Mechanism of the development of infection memory, subsequent to receiving the mobile signal in distal tissues, is not elucidated well. The mobile signals by themselves are not antimicrobial ([@B46]; [@B8]; [@B11]; [@B77]). The metabolic signals do not directly provide SAR, as they are elevated only transiently, while SAR lasts for weeks to months as observed in cucumber, watermelon, muskmelon, and other plants ([@B4]; [@B56]). Thus, for the induction of SAR, the systemic tissues must perceive and decode the SAR signals. Recent studies, mostly with the model plant *Arabidopsis* provide evidence that upon infection, epigenetic modifications takes place in systemic tissues, which contribute to infection memory formation. Promoters of the plant specific WRKY transcription factors have been reported to accumulate elevated levels of modified histones that are normally associated with epigenetic control of gene expression ([@B41]; [@B64]; [@B92]). Modified histones on WRKY genes involved in SAR could be part of infection memory. It's not clear how this epigenetic mechanism relates to SAR memory.

Recent studies indicate a close interconnection between flowering time control and SAR activation mechanisms. The transition to flowering is an irreversible process for annual plants, when the shoot apical meristem becomes an inflorescence meristem that produces flowers instead of leaves. The timing of this transition is a major factor for the reproductive success of plants. Regulation of flowering time involves complex regulatory network consisting of multiple set of genes ([@B89]). The flowering molecular switch ensures that plants flower at a time when internal resources are adequate and the ambient environmental conditions are optimum for pollination and seed development ([@B90]). A large number of gene products affect both flowering and SAR (**Figure [2](#F2){ref-type="fig"}**). This review article discusses the possible mechanistic overlap in regulation of flowering time and SAR.

![**Transition from vegetative stage to reproductive stage and development of SAR is controlled by SA.** Upon attaining the right developmental stage, plants show transition from the vegetative to the reproductive phase of growth (upper two plants). A plant that has previously experienced a pathogen develops fewer disease symptoms after subsequent infections due to SAR (lower right plant) compared to an inexperienced plant (lower left plant). SA positively influences both of these processes. The genes mentioned in the figure similarly affect SA accumulation, flowering and SAR.](fpls-06-00174-g002){#F2}

Flowering Control by Salicylic Acid and other SAR Inducers
==========================================================

Functions of SA and its derivatives are intricately associated with SAR. SA and its chemical analogs are potential SAR inducers when exogenously applied to plants ([@B120]; [@B27]). When a plant is infected by a pathogen, high level of SA accumulates in the pathogen-infected tissue and to a lesser extent in pathogen free systemic tissues ([@B69]; [@B76]). SA promotes nuclear localization and activation of NON-EXPRESSOR OF PR-1 (NPR1), a *trans*-activator protein, which is required for SAR ([@B51]; [@B119]). NPR1 interacts with TGA transcription factors, and together induce expression of *PR* genes ([@B21]). Expression of PR*-1* gene is typically associated with the activation of SA signaling and thus serves as its marker. The mutants such as *suppressor of fatty acid desaturase 1* (*sfd1*), *reduced systemic immunity 1* (*rsi1*), *azelaic acid induced 1* (*azi1*) of *Arabidopsis* that are impaired in SAR induction are defective in systemic SA accumulation, and priming induced expression of *PR-1* ([@B10]; [@B46]; [@B93]). SA has been implicated as an integral component of SAR signaling ([@B85]; [@B97]; [@B16]; [@B25]).

Interestingly, SA also influences flowering time to a great extent. Involvement of SA in common regulation of SAR/pathogen response and flowering is reflected in many reports (discussed in the following sections; [\#x1-10022](#x1-10022)). *ENHANCED DOWNY MILDEW 2* (*EDM2*) gene of *Arabidopsis* is required for *RPP7*-mediated resistance against downy mildew pathogen *Hyaloperonospora parasitica* ([@B23]). The mutants of EDM2 fail to accumulate pathogen induced SA, and also cause flowering time delay ([@B104]).

Effect of Light on SA, SAR, and Flowering
-----------------------------------------

Light plays very important role in biosynthesis of SA and immune responses ([@B123]; [@B48]). Pathogen induced SA biosynthesis takes place in chloroplast, in light (UV-C) dependent manner ([@B24]). A large number of genes that are induced upon flg22 (bacterial flagellin derived PAMP peptide) treatment require light ([@B86]). Light composition, intensity, and duration affect defense responses ([@B9]; [@B30]; [@B3]; [@B20]). Red light stimulates disease resistance against many pathogens ([@B40]; [@B115]). In contrast, addition of far-red light (leading to reduced red:far-red ratio) negatively influences defense responses ([@B20]). Plants perceive red and far-red lights by two inter-convertible forms of phytochrome photo-receptors, Pr and Pfr, which absorb red and far-red light, respectively. The Pr is the inactive form, which converts into the active form Pfr, upon absorbing red light, whereas, the Pfr form converts back into the Pr form by absorbing far-red light ([@B95]). The *phyAphyB* double mutant plants are susceptible against virulent pathogen *Pseudomonas syringae* pv. *maculicola* ES4326 (Psm; [@B30]). The results suggest that phytochrome signaling plays a very significant role in disease defense. Does phytochrome signaling have any specific role in SAR? The experimental evidence is insufficient at the present time to draw this conclusion. [@B30], reported that the phytochrome signaling is more pertinent for SAR than local defense. However, this conclusion may be accepted with certain reservations. The *phyAphyB* mutant plants are highly susceptible to Psm, and support modestly higher growth of Psm carrying the avirulence gene *avrRpm1* (Psm-AvrRpm1) compared to wild-type plants. The *phyAphyB* plants, but not the mutants of other photoreceptors such as cryptochromes (*cryAcryB*) and phototropins (*phot1 phot2*) are defective activation of SAR. Surprisingly, authors used Psm as primary pathogen for SAR induction, against which *phyAphyB* plants were compromised for local defense, instead of Psm-AvRpm1 ([@B30]). Moreover, other studies, such as the effect of red light in promoting disease defense, and low red-far red ratio affecting general defense responses, also counter argues for phytochromes having specific roles in SAR.

The role of light in flowering is much well-established. Amongst the environmental factors that affect flowering, light plays the most important role. According to the photoperiod dependence for flowering, angiosperms are grouped into long-day (LD), short-day (SD), and day-neutral plants. *Arabidopsis* is a facultative LD plant that flowers early in LD, and show delayed flowering under SD condition. The striking similarity between SAR and photo-period induced flowering is the requirement of long distance signal movement through phloem (**Figure [2](#F2){ref-type="fig"}**; [@B122]). Grafting and girdling experiments suggested that the flowering inducers are phloem transmissible ([@B52]; [@B6]). By the perception of the day-length effect, leaves generate a mobile signal for flowering. The signal moves to the growing apex via phloem; the apex modifies to produce flower instead of leaves ([@B52]; [@B6]). In recent years, it has been shown that the phloem mobile flowering promoting factor is a protein; *flowering locus T* (FT) in *Arabidopsis* ([@B17]). FT orthologs have been identified in many plants suggesting that the vascular conductance is a universal feature for flowering in plants ([@B101]; [@B108]; [@B60]).

Interestingly, SA is also reported as an inducer of photoperiod-mediated flowering. Abiotic stress such as UV-C induces expression of *FT* as well as flowering in SA dependent manner in *Arabidopsis* ([@B68]). The transgenic plants expressing NahG fail to induce *FT* expression and early flowering by UV-C treatment ([@B68]). The phloem sap, or the honeydew produced by aphid infestation, on *Xanthium strumarium* is capable of inducing flowering in the long-day plant *Lemna gibba* ([@B14]). Purification of flowering inducing component from aphid-honeydew by TLC, followed by GLC and mass-spectrometric analysis identified SA as the active ingredient of flowering inducer in phloem sap ([@B14]). Exogenous application of SA in the growing medium or in leaves, in several plants promote flowering ([@B14]; [@B49]; [@B112]). Thus, SA may be considered as a common inducer for both flowering and SAR ([\#x1-10011](#x1-10011)). A similar dual role is also reported for pipecolic acid (Pip), another mobile signal for SAR induction ([@B77]). Flowering inducing activity guided fractionation identified Pip and nicotinamide as flowering inducing substances in *L. gibba* leaf extracts ([@B26]).

FLD Regulates the Transition to Flowering and SAR
=================================================

At a defined time in their life-cycle, annual plants undergo a developmental transition from the vegetative to the reproductive stage. This transition is controlled by environmental as well as endogenous developmental cues. The environmental factors include day length (photoperiod), quality and quantity of light (composition and photon density), prolonged cold exposure (vernalization), and nutrient and water availability, whereas, plant age and vegetative growth provide developmental cues for transition (see [@B1]; [@B2]). In *Arabidopsis*, mutational analysis has identified numerous genes that affect flowering time. The CONSTANS protein accumulates in long-days and positively regulates expression of *FT*, and SUPPRESOR OF CO 1 (SOC1), and thereby promotes flowering ([@B98]). In contrast, *FLOWERING LOCUS C* (*FLC*) negatively regulates *FT* and SOC1, and helps plants to avoid premature flowering ([@B70]; [@B36]). FLC codes for a MADS box protein that binds to promoters of FT and SOC1 repressing transcription of these genes ([@B36]). A large number of genes, whose expression is modulated by developmental cues and environmental factors, affect expression of *FLC* and control flowering time ([@B37]). The FLC locus is epigenetically regulated through histone modifications. FLOWERING LOCUS D (FLD) negatively regulates expression of *FLC* and thereby promotes flowering ([@B35]; [@B34]; [@B62]). Thus, flowering is delayed in *fld* loss-of-function mutants ([@B35]; [@B93]).

A genetic screen selecting for SAR-impaired mutants from EMS treated *Arabidopsis* plants, identified *reduced in systemic immunity 1* (*rsi1*), which is a loss-of-function allele of *FLD* ([@B93]). The *rsi1* mutant is defective in systemic accumulation of SA and priming of *PR-1*, *WRKY6,* and *WRKY29* genes ([@B93], [@B92]). Petiole exudates from inoculated *rsi1* leaves activate SAR on WT plants, whereas, SAR inducible petiole exudates from WT plants fail to induce SAR in *rsi1.* Moreover, SAR is not induced in *rsi1* plants by exogenous application of SAR inducers such as dihydroabetinal and azelaic acid. Thus, the *rsi1* and the allelic *fld* mutants are capable of generating SAR mobile signals after primary infection, but fail to decode the signal in the distal tissues. These data suggest that FLOWERING LOCUS D function is required for generating infection memory, subsequent to receiving the SAR signal. FLD expression is induced both in the primary SAR-induced and systemic tissues ([@B93]). As a consequence, FLC expression maybe suppressed in by SAR induction. Indeed, transcript analysis following SA treatment showed suppression of FLC expression ([@B68]). Although, *FLC* expression is suppressed by SA, its function is probably not associated with SAR ([@B93]). The *flc* mutant has no defect in SAR activation, and the *flc* mutation does not rescue the SAR defect in the *rsi1*/*fld* mutant. Thus FLD may function as branch point between flowering time control and SAR activation in *Arabidopsis* (**Figure [3](#F3){ref-type="fig"}**).

![**Genetic and epigenetic control of flowering and SAR.** Plasma membrane (PM) resident BAK1 associates with both BRI1 and PRRs (pattern recognition receptors) which are required for BR and PTI signaling respectively. BSU1 phosphatase is activated by BRI1 and BAK1. BSU1 dephosphorylates and inactivates BIN2, and thereby activates BZR1 and BR signaling. BZR1 negatively regulates FLD expression. Activation of PTI activates BIK1, which suppress BZR1 and thereby may promote expression of FLD. FLD transcriptionally suppress FLC, the floral repressor. FLC protein is stabilized through interaction with AtSIZ1. AtSIZ1 functions as negative regulator for both flowering and SAR. The PIE1, ARP6 and SEF complex, and HTA9, HTA11 promote histone variant incorporation and biosynthesis, and thus promote transcription of FLC and unknown SAR suppressors.](fpls-06-00174-g003){#F3}

The mechanism of FLD expression in response to SAR induction is not known. Brassinosteroid (BR) signaling has recently been associated with FLD expression ([@B126]). BR is perceived by the receptor kinase, BR INSENSITIVE1 (BRI1) along with BRI1 ASSOCIATED KINASE1 (BAK1; [@B121]). Binding of BR activates both BAK1 and BRI1 through auto- and *trans*-phosphorylation, which in turn release the receptor-like cytoplasmic kinases BRASSINOSTEROID SIGNALING KINASES (BSKs) and CONSTITUTIVE DIFFERENTIAL GROWTH1 (CDG1; [@B102]; [@B50]). BSKs and CDG1 phosphorylate and activate BRI1 SUPPRESSOR1 (BSU1), a phosphatase that dephosphorylates BIN2 ([@B15]; [@B50]). BIN2 negatively regulates BR signaling by phosphorylating and thereby promoting cytoplasmic retention of transcription factors, such as BRASSINAZOLE RESISTANT 1 (BZR1) and BRI1 EMS SUPPRESSOR1 (BES1), through interaction with 14-3-3 protein ([@B121]). Dephosphorylation of BZR1 and BES1 by protein phosphatase 2A, relieve cytoplasmic retention, allowing their nuclear translocation and binding to target promoters ([@B103]). Interestingly, the promoter of FLD contains one BR-responsive element (BRRE; [@B126]). Electrophoretic mobility shift assay (EMSA) shows that BRRE of FLOWERING LOCUS D promoter binds with the recombinant MBP-BZR1 protein but not the maltose binding protein (MBP; [@B126]). In addition, chromatin immuno-precipitation with GFP antibody shows enrichment of CFP-BZR1 in FLD promoter. The physical association and transcriptional analyses suggest that BZR1 binds to promoter of FLD and negatively regulates its expression ([@B126]). In immune signaling, FLAGELIN SENSING2 (FLS2) and ELONGATION FACTOR TU RECEPTOR (EFR), the pattern receptors for bacterial flagellin and elongation factor Tu respectively, heteromerize with BAK1 ([@B12]; [@B84]; [@B99]). BAK1 phosphorylate BOTRYTIS-INDUCED KINASE1 (BIK1), a receptor-like cytoplasmic kinase that positively regulates plant immunity ([@B63]; [@B124]). However, the BIK1 acts as a negative regulator of BR signaling. The *bik1* mutant plants show enhancement in dephosphorylation of BZR1 and BES1 ([@B61]), Thus activation of BIK1 by pathogens may inactivate BZR1 (through cytoplasmic retention) and thereby induce expression of FLD (**Figure [3](#F3){ref-type="fig"}**).

Chromatin Remodeling
====================

Eukaryotic DNA is packed into nucleosomes, which must transiently unpack during transcription. Alteration of nucleosome density, also known as chromatin remodeling, affects transcription of genes. In nucleosomes, DNA is wrapped around histone octamers consisting of two copies each of H2A, H2B, H3 and H4 ([@B47]). Post-translational modifications of histones as well as methylation of cytosine residues in DNA affect chromatin composition. The modifications of histones include methylation, acetylation, ubiquitination, and phosphorylation ([@B28]; [@B81]). Usually, DNA methylation leads to suppression of transcriptional activity, whereas, acetylation of histones, especially in H3 and H4, activates transcription ([@B106]). In contrast, methylation of histones can affect transcription both positively and negatively, depending on the histone protein and position of the modification ([@B127]). Histone replacement, a process of substitution of canonical histones with histone variants, is also associated with chromatin remodeling ([@B47]; [@B66]). Higher eukaryotes including plants possess machinery to initiate and maintain both DNA and histone modifications. Evidence suggests that both flowering and SAR are regulated by epigenetic modifications; interestingly, with machinery shared by both the pathways.

Pathogen- and SA- Induced Histone Modification
----------------------------------------------

Expression of several SA responsive genes is epigenetically regulated. Exogenous application of benzothiadiazole (BTH), a chemical analog of SA and potential SAR inducer, induces accumulation of modified histones that favor transcription, such as acetylated histone 3 (H3Ac), and di- and tri- methylated histone 3 at lysine 4 (H3K4me2 and H3K4me3) in the promoters of several *WRKY* genes, whose functions are associated with SAR activation ([@B41]). Exogenous application of SA also induces such modifications in the *PR-1* promoter ([@B74]). During SAR activation upon primary infection, the systemic tissues undergo similar epigenetic modifications, which is associated with robust expression of these defense related genes during challenge inoculation ([@B16]; [@B92]). Under stress-free condition, SUPPRESSOR OF PR-1 INDUCIBLE 1 (SNI1), a negative regulator of SAR, is thought to contribute to maintaining the basal expression of *PR-1* and *WRKY* genes by reducing these histones marks ([@B74]).

Histone Modifications; Flowering and SAR
----------------------------------------

*FLD* codes for an *Arabidopsis* ortholog of human LYSINE SPECIFIC DEMETHYLASE 1 (LSD1; [@B62]). FLD, an approximately 96 KDa protein contains a small DNA binding SWRIM domain, and a large polyamine oxidase (PAO) domain ([@B35]). Transcriptional co-repressor complexes containing PAO domains are one of the major regulators of gene expression in animals ([@B42]). LSD1 is a component of a co-repressor complex, with histone demethylase activity ([@B88]). The biochemical function of FLD has not been ascertained. However, the *fld* loss-of-function mutants show increased occupancy of methylated H3K4 in *FLC* locus as might be expected based on its structural similarity to LSD1, which is a histone demethylase ([@B62]; [@B92]). In addition, the FLC locus also shows increased accumulation of acetylated H3 in the *fld* mutant background, both of which support the observation of increased expression of *FLC* in *fld* mutants ([@B35]; [@B92]). However, in contrast to the *FLC* locus, promoters of *WRKY6* and *WRKY29* genes show reduced accumulation of methylated H3K4 and acetylated H3 ([@B92]). Nevertheless, experiments suggest that the histone demethylase activity of FLD is important for SAR activation and flowering. For example, exogenous application of histone demethylase inhibitor *trans*-2-phenylcyclopropylamine (2-PCPA) results in an *fld* loss-of-function phenotype in terms of both flowering and SAR activation ([@B91]). Application of 2-PCPA results in impairment of SAR activation, suppression of accumulation of methylated H3K4 in WRKY promoters and delays flowering ([@B91]). FLD targets for SAR induction remain unidentified. It is postulated that the effect of FLD on histone modification of WRKY genes is indirect and may be mediated through other factors, functions of which are modulated by FLD ([@B93], [@B91],[@B92]).

Histone deacetylases (HDACs) are often found in multiprotein co-repressor complexes. HISTONE DEACETYLASE 19 (HDA19) of *Arabidopsis* is a yeast REDUCED POTASSIUM DEFICIENCY 3 (RPD3)-like protein that affects both flowering and SAR ([@B128]; [@B13]; [@B55]; [@B116]). HDA19 interacts with LEUNIG/SEUSS co-repressor complex and negatively regulates expression of the floral patterning gene AGAMOUS (AG; [@B29]). The *hda*19 mutant accumulates SA and has increased expression of SA-inducible genes such as *EDS1*, *PAD4*, *ICS1* as well as *PR* genes, providing resistance against *P. syringae* ([@B13]). HDA19, a putative corepressor has been found to directly associate with and deacetylate histones at the *PR-1* and *PR-2* promoters and repress their expression by modifying histones ([@B13]).

Histone Replacement in SAR and Flowering
----------------------------------------

The mutants that constitutively activate SAR, show disease resistance, accumulation of SA and expression of PR genes without pathogen challenge, and also often develop microscopic cell death ([@B44]; [@B75]; [@B100]). Substitution of canonical histone H2A with H2A.Z variant is a mechanism of chromatin remodeling that is associated with early flowering and activation of constitutive SAR. Replacement of histone H2A with H2A.Z requires a multi-subunit complex, SWI2/SNF2-RELATED 1 (SWR1) in yeast and SNF2-RELATED CBP ACTIVATOR PROTEIN (SRCAP) in humans ([@B54]; [@B53]; [@B73]). *Arabidopsis* proteins PHOTOPERIOD-INDEPENDENT EARLY FLOWERING 1 (PIE1), ACTIN-RELATED PROTEIN 6 and SERRATED LEAVES AND EARLY FLOWERING (SEF) are related to SWR1 and SRCAP protein complex components ([@B80]; [@B65], [@B66]). The PIE/ARP6/SEF complex is functional equivalent of yeast SWRI1 complex, components of which are required for deposition of H2A.Z variant in genes like FLC that negatively regulates flowering ([@B67]; [@B18]; [@B65]). Mutations in these genes result in down regulation of FLC and early flowering (**Figure [3](#F3){ref-type="fig"}**). Mutations in *Arabidopsis* *HTA9* and *HTA11* genes that code for H2A.Z also result in developmental abnormalities and early flowering (**Figure [3](#F3){ref-type="fig"}**), very similar to the mutants of PEI/ARP6/SEF complex ([@B66]). The double mutant *hta9hta11* shows reduction in *FLC* expression and concomitant induction of *FT* expression similar to *sef* and *pie1* mutants ([@B1]). As an interesting correlation between SAR and flowering, the *pie1*, *sef,* and *hta9hta11* mutants show activation of constitutive SAR ([@B66]). Consequently, the *pie1*, *sef,* and *hta9hta11* mutants show spontaneous cell death, and support less bacterial growth than wild-type plants ([@B66]). The *pie1* mutants also show constitute activation of *PR1*, *WRKY38* and *WRKY18*, expression of which are associated with SAR activation ([@B113]).

Sumoylation Regulators Connect SAR and Flowering
================================================

Ubiquitin and SMALL UBIQUITIN-LIKE MODIFIER (SUMO) attach to a wide range of proteins, and alter their function and longevity in cells ([@B71]). SUMO covalently attaches to lysine residues of target proteins through E3 SUMO ligase ([@B118]). SUMO conjugation modifies the conformation of target proteins and influences their interaction with other proteins ([@B38]). SUMO modifications have been implicated in many biological processes including, nutrition metabolism, abiotic stress response, flowering, and immunity ([@B72]; [@B5]; [@B58]; [@B125]). *Arabidopsis* SIZ1 (AtSIZ1) is an ortholog of mammalian and yeast E3 SUMO ligase ([@B72]). AtSIZ1 negatively regulates SAR activation ([@B58]). The mutants of *AtSIZ1*, show enhanced expression of PHYTOALEXIN DEFICIENT 4 (PAD4) and ENHANCED DISEASE SUSCEPTIBILITY 1 (EDS1) that positively regulate SA biosynthesis. The *atsiz1* mutants also accumulate SA and SA-glucoside conjugates (SAG), express SAR marker *PR-1* constitutively, and are resistant to pathogens. All these phenotypes of *atsiz1* are dependent on SA accumulation, as *NahG* expression in the *atsiz1* mutant background, abolishes all SAR-associated responses ([@B58]). As a very interesting cross-connection between SAR and flowering, it has been reported that AtSIZ1 promotes FLC expression and thereby negatively regulates the flowering transition (**Figure [3](#F3){ref-type="fig"}**; [@B43]). Very recently, it has also been shown that AtSIZ1 physically interacts with FLC and influences its stability (**Figure [3](#F3){ref-type="fig"}**; [@B96]).

Reversal of SUMO conjugation is carried out by SUMO protease. The *early in short days 4* (*esd4*) mutant has a mutation in the SUMO protease and thus accumulates SUMO conjugates ([@B110]). Though, the exact cause of early flowering in *esd4* mutant is not known, it is believed that physiological stress caused by hyper-accumulation of SUMO conjugates may result in early flowering. Interestingly, a genetic screen for suppressors of *esd4*, identified a mutant of the SA biosynthetic gene *isochorismate synthase 1* (*ICS1*/*SID2*; [@B110]). Early flowering of *esd4* is partially rescued by the reduced SA levels in the *esd4 sid2* double mutant ([@B110]). Thus early flowering in *esd4* mutant is also associated with SA signaling activation, an integral event of SAR activation.

Reverse Association between Flowering and SAR
=============================================

The studies described above, provided evidence to support the idea that the flowering and SAR signaling pathways are highly integrated. However, there are reports that contradict this idea. For example, the *HOPW1-1-INTERACTING3* (*WIN3; alias PBS3, GDG1, GH3.12*) gene of *Arabidopsis* is a positive regulator for SAR and negative regulator of flowering ([@B114]). The *WIN3* gene product codes for an enzyme that conjugates aminoacids to 4-aminobenzoate or 4-hydroxybenzoate; a process which is required for SA biosynthesis ([@B82]). WIN3 expression is induced by SA, and its function is needed for pathogenesis associated SA responses ([@B79]; [@B114]). However, mutation in *WIN3* results in early flowering under long-day conditions ([@B59]; [@B114]). The reverse-association is also observed in plants undergoing the shade avoidance response. Since plants absorb more red than far-red light, the red:far-red ratio gets reduced under dense vegetation. The reduced red:far-red ratio enhances early flowering in *Arabidopsis*, a component of the shade-avoidance response ([@B32], [@B33]). In contrast, plants grown in low red:far-red ratio exhibit compromised defense response in the form of reduced SA dependent PR1 and WRKY expression ([@B20]). The lack of an association between SAR and flowering is observed in mutants such as *npr1* and *sfd1*, which are defective in SAR but not in flowering. Therefore, these reports indicate that the SAR and flowering pathways are genetically separable, even though they share common inducers, such as SA.

Conclusion
==========

It appears that some of the molecular machinery that regulates flowering time is shared by the SAR activation processes in plants. A number of studies suggest that retention of infection memory in plants is mostly mediated through epigenetic mechanisms. While generating resistance against invading pathogens, plant tissues generate signals that are capable of long distance transport to carry infection information to distant tissues. Upon arrival in distal tissues, mobile signals are perceived, leading to biosynthesis and accumulation of SA, which is required for SAR activation as well as the floral transition. In addition, the perception of mobile signals also initiates epigenetic modification of certain key genes which contribute to infection memory development and SAR associated priming defense responses. Alteration of histone methylation and acetylation, and histone replacement influence flowering and SAR. Suppression of SAR in healthy plants and flowering during vegetative growth, are highly important for overall growth, development and productivity of plants. Emerging data strongly suggest common genetic and epigenetic regulators for flowering and SAR.
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